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Abstract
With a constant gas-exposure chamber newly devised, the author had Cb mice (females weigh-
ing 16.0 ± 1.5 g) inhale 600 ppm (in average) of 1, 1, 2, 2-tetrachloroethane for 3 hours. Then,
the total Iipid, triglyceride and ATP levels in the liver were estimated before, immediately after,
4 hours and 8 hours after the exposure. The results of the observations are briefly summarized
as follows: 1. It has been demonstrated by the chemical quantitative analyses of total lipid and
others that the exposure to 1, 1,2, 2-tetrachloroethane induces fatty liver in mice. 2. Both total
lipid and triglyceride levels increased almost linearly from the time of exposure up to 8 hours later.
The ratio, triglyceride: total lipid, increased with lapse of time after the exposure, and of the lipid
components, the increase of triglyceride was marked. 3. The hepatic ATP level decreased almost
linearly from the time of exposure to 8 hours later. The value, total lipid × ATP, hardly differed
from that of the control even after the exposure, and there was observed a parallel relationship
between the rate of increase in total lipid level and the rate of decrease in the hepatic ATP level. 4.
The intensity of hepatotoxicity of 1, 1, 2, 2-tetrachloroethane proved to be practically the same at
that of carbon tetrachloride.
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There is a great demand in industries for the solution of chlorinated
hydrocarbons because it is an excellent solvent for removing fats, it has
volatility of a moderate degree and is non.inflammable solution. However,
it is said (l, 2) that most of the chlorinated hydrocarbons in the form of
vapor at high concentration have narcotic effect, and when exposed to
such a vapor repeatedly, it induces liver disturbances.
One among them is 1, 1,2, 2.tetrachloroethane, which has excellent
physico.chemical properties, and it is the most suitable solvent for vinyl
acetate. As such it is used in manufacture of safety glasses and rubber
goods as well as in making artificial pearls for its property to give the
luster.
In vivo, 1, 1, 2, 2.tetrachloroethane has a specific toxicity to liver cells
asides from its narcotic effect, and it is one of the most toxic substances (3,
4,5) among chlorinated hydrocarbons. It has been pointed out that its
threshold limit value by ACGIH (6) is 5 ppm and a special precaution is
required because it is absorbed not only through the lung but also through
the skin.
Up to date, however, there is as yet no report by means of the chemi.
cal quantitative assay about the formation of fatty liver by the inhalation
of 1, 1, 2, 2.tetrachloroethane. Neither is there any report on its toxicity as
related to the degree of fatty liver formation and the decrease in hepatic
ATP level.
In view of this the author had mice inhale 1, 1,2, 2.tetrachloroethane
gas in the exposure chamber, and observed the degree of fatty liver forma
tion and that of the decrease in hepatic ATP level with lapse of time after
the exposure. From the results, the author attempted to make comparative
studies on the hepatotoxicity with that of carbon tetrachloride or tetrachloro.
ethylene as well as to see the causative factor of 1, 1, 2, 2.tetrachloro.
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ethane-fatty liver. This report deals with the result of the observations
and also the finding which suggests the inhalation of this substance to
cause fatty liver.
MATERIALS AND METHODS
Exposure chamber: The exposure chamber shown in Fig. 1 was used for this
experiment. This exposure chamber was supplied with the constant current of
air via a vaporizing unit.
Fig. I Schema of exposure chamber
1., 2. air m-put 3. manometer 4. cock adjusting air flow 5. water
bath with temperature regulater 6. vaporizing unit 7. flask mixing
gas and air 8. exposure chamber 9. three-way stop cock for measure-
ment of gas concentration 10. flow meter II. cock adjusting flow
rate 12. suction pump
This apparatus is operated as follows: Vaporized gas by the air flowing
through the vaporizing unit (6) is diluted and mixed with the air in the flask (7),
and enters into the flask (8) where the mice are exposed. The flow rate of the
air used for vaporization of the gas and that for dilution of the gas can be
checked by two manometers (3). Constant gas concentration is controlled by
adjusting the temperature of the water bath (5) and two cocks adjust air flow(4).
Gas in the exposure chamber (8) is taken out through the cock (9) once every
30 minutes during the experiment and the gas concentration is measured by gas
chromatography.
Pl:eparation of mouse liver: Cb female mice weighing 16.0 ± 1.5 g were placed
in the exposure chamber, and were exposed to 600 ppm (in average) of 1, 1,2,2-
tetrachloroethane for 3 hours.
At 0, 4 and 8 hours after the exposure, the mice were killed by decapitation
in the cold room and the liver was excised and weighed immedately. One portion
of the liver was used for the determination of ATP and the other for the determi-
nation of total lipid and triglyceride.
Determination of hepatic A TP: One portion of the liver, 50--70 mg wet weight,
was put into 10 ml of boiling water as quickly as possible, and homogenized
one minute later. ATP was extracted by boiling for 10 minutes later and then
rapidly cooled in the ice bath. ATP extract was centrifuged at 10,000 rpm
for 25 minutes in a cold room, and its extract was diluted with an aliquot of
cold distilled water to make sample solution (0.1--1.0 mg/ml extract). The deter-
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mination of hepatic ATP was performed by luciferin luciferase method (7), and
the intensity of bioluminescence was measured by liquid scintillation counter
(Packard 3134). ATP concentration in the liver homogenate was calculated from
the standard curve.
Determination of total lipid and triglyceride: Lipids were extracted from the liver
by the procedure of FOLCH et al. (8), and total lipid was determined by the
gravimetry. Then the total lipid was re-extracted with 10 ml of chloroform, and
an aliquot of the extract was used for triglyceride analysis. Triglyceride was
measured by the method of VAN HANDEL (9).
RESULTS
Variation of gas concentration in the exposure chamber: Fig. 2 shows the
changes in the gas concentrations measured by gas chromatography once
every 30 minutes during the experiments.
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Fig. 2 Course of l, l, 2, 2-tetrachloroethane concentration in the exposure
chamber measured in each experiment
( - shows mean value )
The variation of gas concentration was within the range of 600 ± 50
ppm during the exposure.
Changes in hepatic lipids and ATP: The amounts of total lipid, trigly-
ceride and ATP in the liver of mice at appropriate intervals after the
exposure to 600 ppm (in average) of 1, 1,2, 2-tetrachloroethane for 3 hours
are shown in Table 1 and Fig. 3.
Totallipid contents increased slowly during the exposure, and continued
to increase until 8 hours after the exposure. The percent of total lipid
contents to the control in the liver at 0, 4 and 8 hours after the exposure
was 115, 155 and 216 respectively (Table I).
Triglyceride contents remarkably increased during the exposure, and
continued to increase up to 8 hours later. The percent of triglyceride
contents to the control in the liver at 0, 4 and 8 hours after the exposure
was 163, 288 and 518 respectively (Table 1). On the other hand, hepatic
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Table 1 Lipid and ATP contents in the liver of mice at different time after
exposure to 600 ppm of 1,1,2, 2-tetrachloroethane for 3 hours
Each value represents the mean ± standard deviation.
Time after No. of Total lipids Triglycerides ATP
the exposure
mg/g liver I mg/g liver I
mg/g liver
I
(hour) case % % %(W.W.) I (W.W.) (W.W.)
Control 8 52.12± 5.76 100 8.47±0.59 100 0.783±0.O5 100
0 6 59.90± 5.42 115 13.80±1.28 163 0.587±0.O8 75
4 6 80.84± 6.48 155 24.39±3.61 288 0.461 ±0.05 59
8 6 112.61 ±I4.29 216 43.85±7.98 518 0.363±0.04 46
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Fig. 3 Course of lipid and ATP contents in the liver of mice exposed to
600 ppm 1, 1, 2, 2-tetrach10roethane for 3 hours. Each foint
represents the mean ± standard deviation.
ATP levels remarkably decreased during the exposure, and continued to
decrease gradually until 8 hours later. The percent of hepatic ATP levels
to the control at 0, 4 and 8 hours after the exposure was 75, 59 and 46
respectively (Table 1).
These results (Fig. 3) are as follows: Total lipid levels in the liver
increased slowly during the exposure, and continued to increase gradually
until 8 hours later. Hepatic triglyceride levels continued to increase gradu.
ally up to 4 hours after the exposure, and rap:dly increased in the period
between 4 and 8 hours. On the contrary, hepatic ATP levels rapidly
decreased during the exposure, and gradually decreased in the period
between 0 and 8 hours later.
Triglyceride/total lipid ratio and total lipid X ATP value: The ratio of
triglyceride to total lipid in the control liver was O. 16, but the ratios at
0, 4 and 8 hours after the exposure were 0.23, 0.30 and 0.39 respectively.
This indicates that the increase of triglyceride is much higher than that of
total lipid, in the liver of mice after the exposure.
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The values of total lipid multiplied by ATP in the liver at 0,4 and 8
hours after the exposure were 35, 37 and 41 respectively. These values are
almost similar to that of the control (41). This indicates that there is almost
parallel relationship between the degree of increasing total lipid contents
and that of decreasing ATP levels with the lapse of time, in the liver of
mice after the exposure.
DISCCSSION
As can be seen in the review by RECKNAGEL (l0), there are many
reports dealing with hepatotoxicity in the administration of carbon
tetrachloride in particular. The observations that the inhalation of trichloro-
ethylene or tetrachloroethylene induces fatty liver have been reported by
K YLIN et al. (11) and by ourselves (12).
In the present study the author has been able to obtain for the first
time chemical evidences to prove that the inhalation of 1, 1, 2, 2-tetrachloro-
ethane vapor induces fatty liver and the decrease in hepatic ATP level.
Of the results thus obtained, the author would like to place a special
emphasis on th following points.
Relationship between the total lipid level and the triglyceride level in the liver
when exposed to 1, 1,2, 2-tetrachloroethane :
Both t):1e total lipid and the triglyceride levels in the liver kept on
increasing from the time of exposure up to 8 hours later (Table 1, Fig. 3).
In contrast, the ratio, triglyceride: total lipid, gradually tended to
increase immediately after the exposure up to 8 hours later (Table 2). This
Table 2 Changes in the ratio of triglyceride to total lipid and the value
of total lipid multiplied by ATP
Time after the eXfosure (hour)
Triglyceride/total lipid ratio
Total lipidXATP value
Control
0.16
41
o
0.23
35
4
0.30
37
8
0.39
41
indicates that along with the advance of fatty liver there occurs a marked
increase of triglyceride in the liver lipids. STERN et al. (13) have stated that
in the rat liver after the administration of carbon tetrachloride there is a
marked increase of triglyceride among lipid components, but hardly any
change in the levels of cholesterol and phospholipid.
Relationship between the total lipid level and ATP level in the liver when
exposed to 1, 1, 2, 2-tetrachloroethane :
The ATP level in the mouse liver kept on decreasing from the time of
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exposure up to 8 hours later, while the total lipid level tended to increase
continuously from the time of exposure up to 8 hours later (Tablel, Fig. 3).
The value, total lipid X hepatic ATP, remained practically the same
as that of the control at each hour after the exposure. This fact suggests
that there is a parallel relationship between the rate of increase in hepatic
total lipid level and the rate of decrease in hepatic ATP level, accompany-
ing the formation of fatty liver.
Comparison of hepatotoxicity with that of carbon tetrachloride :
In 1958 PLAA et al. (14) studied the hepatotoxicity of chlorinated
hydrocarbons from three angles of the EDo3, the LDoo, and the prolonga-
tion of sleeping time, by injection to mice chlorinated hydrocarbons. From
the results of their observations, they stated that the hepatotoxicity of
carbon tetrachloride is greater than that of 1, 1, 2, 2-tetrachloroethane.
In 1968 we (15) reported about the hepatotoxicity as determined by
the increasing degree of liver lipids and the decreasing degree of hepatic
ATP level after exposing mice to carbon tetrachloride. Table 3 compares
the results of that time with those in the present experiment after the
exposure to 1, 1, 2, 2-tetrachloroethane.
With a due consideration to slight difference in the concentration of
exposed vapors, judging from the intensity of fatty liver and the decrease
in the hepatic ATP levels, both exposures to 1, 1,2, 2-tetrachloroethane
and to carbon tetrachloride show almost the same tendency as shown in
Table 3. In other words, it seems that the severity of hepatotoxicity in
both cases is almost equally high. As the reason for this, it is possible to
consider that 1, 1, 2, 2-tetrachloroethane would remain in vivo just as in the
Table 3 Comparison of the degree of hepatotoxicity induced by three kinds of chlorinated
hydrocarbons, detected by the amounts of lipid and ATP in the liver.
* exposure to 600 ppm of 1, 1,2, 2-tetrachloroethane for 3 hours. *'" exposure to
800 ppm of carbon tetrachloride for 3 hours (from OGATA, M., TOMOKUNI, K.,
and WATANABE, S.12). *** exposure to 800 ppm of tetrachloroethylene for 3
hours (from OGATA, M., TOMOKUNI, K. and WATANABE, S.12) Each value shows
the percent to control group value.
Time after Total lipid I Triglyceride ATP
the exposure
CHCl:.
"I """I "I "I """ *1 ** I "'**(hour) CC14 CCI2= CHC12· CCI4 CC12= CHCI2'j CC14 CCI2=CHC12 CC12 CHC12 CCI2 CHC12 CC12
Control 100
i
100 100 160 100 100
I
100 100 100
0 115 112 134 163 205 264 75 89 I 46
I I
4 155 I 152 144 288 442 304
I
59 36
I
43
8 216
I
195 155 518 669 338 46 20 42
I
6
Acta Medica Okayama, Vol. 23 [1969], Iss. 4, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol23/iss4/3
Hepatotoxicity Induced by Chlorinated Hydrocarbons 279
case of carbon tetrachloride by MCCOLLISTER et al. (16).
Comparison of hepatotoxicity with that of tetrachloroethylene:
As illustrated in Table 3, when exposed to tetrachloroethylene, the
formation of fatty liver and the decrease in the hepatic ATP level are
marked in the initial stage of the exposure, but there is hardly any change
in the period between 4 and 8 hours later. Therefore, in comparing the
hepatotoxicity of the exposure to I, I, 2, 2.tetrachloroethane to that of
tetrachloroethylene, the former seems to be chronic type while the latter
acute type. As for the causes for this, the following points may be raised:
i) I, I, 2, 2.tetrachloroethane might be retained in vivo longer than tetra-
chloroethylene. ii) As pointed out by YLLER (17), a portion of tetrachloro-
ethylene is metabolized into trichloroacetic acid and oxalic acid and ex-
creted into urine. It is an interesting problem that the toxic effect differs
considerably due to such a slight difference (the presence or the absence
of double.bond) in molecular structure.
Causative factor of the 1, 1,2, 2.tetrachloroethanejatty liver:
The present study has demonstrated that I, 1,2, 2.tetrachloroethane
induces fatty liver. Its causative factor may be explained in the following
way, while referring to the causative factor in the carbon tetrachloride
.fatty liver.
Centering aronnd RECKNAGEL (10), various theories have been advan-
ced for the causative factor of fatty liver, especially that by carbon tetra-
chloride. However, looking at the causative factor from its phenomenolo.
gical aspects, after all it would be attributable to the "relative decrease" in
the rate of the liver triglyceride being released in the form of lipoprotein
into the blood stream. In other words, this problem is dependent upon
the problem of the formation and excretion of liver lipoprotein.
In the production of lipoproteins three steps can be considered: i)
the formation of protein component, ii) the formation of lipid component,
and iii) the conjugation of these two components. Therefore, the distur.
bances of lipoprotein formation would occur only when one or all of these
steps are inhibited.
In 1961 SMUCKLER et al. (18) detected the inhibition of plasma protein
synthesis in rats administered with carbon tetrachloride on the incorpora.
tion of HC-amino acid into plasma protein. In their subsequent electron
microscopic observations of the rat liver after carbon tetrachloride admi.
nistration they noted the exfoliation of ribosomal granules from vesicles in
the rat liver. OGATA (20) observed the inhibition of protein synthesis in
the liver of mice administered with carbon tetrachloride, on the incorpora.
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tion of 14C-glycine into the protein (1961). In 1963 ROBINSON et at. (21)
demonstrated the inhibition of plasma protein synthesis in the rat admi-
nistered with carbon tetrachloride. In the rate administered with carbon
tetrachloride, LOMBARDI et at. (22) (1965) found a marked inhibition of
serum lipoprotein synthesis, especially that of very low density (VLD-)
lipoprotein, and later they have demonstrated that most of the plasma
triglyceride fraction is composed of VLD-lipoprotein. On the other hand,
HYAMS et at. (23) (1964) reported that the administration of ATP can
inhibit carbon tetrachloride-fatty liver.
In view of these observations, discussing about causative factor of the
1, 1, 2, 2-tetrachloroethane-fatty liver in the experiments, the author may
say that the decrease in the hepatic ATP level is closely associated with
the inhibition of VLD-lipoprotein synthesis.
Recently, with a marked advance in this field, RECKNAGEL (10) has
proposed the lipoperoxidation theory, in which he assumes that the
trichloromethyl radical (CIgC.) formed by the decomposition of carbon
tetrachloride in vivo would induce peroxidative disintegration of lipids that
compose cytoplasmic membrane. A series of their reports (24, 25) would
contribute materially to the elucidation of the causative factor (etiology)
of fatty liver in future. Even in the case of 1, 1,2, 2-tetrachloroethane
fatty liver this lipoperoxidation may have some bearing.
CONCLUSION
With a constant gas-exposure chamber newly devised, the author had
Cb mice (females weighing 16.0 ± 1.5 g) inhale 600 ppm (in average)
of 1, 1, 2, 2-tetrachloroethane for 3 hours. Then, the total Iipid, triglyceride
and ATP levels in the liver were estimated before, immediately after, 4
hours and 8 hours after the exposure. The results of the observations are
briefly summarized as follows:
1. It has been demonstrated by the chemical quantitative analyses
of total lipid and others that the exposure to 1, 1,2, 2-tetrachloroethane
induces fatty liver in mice.
2. Both total lipid and triglyceride levels increased almost linearly
from the time of exposure up to 8 hours later. The ratio, triglyceride:
total lipid, increased with lapse of time after the exposure, and of the lipid
components, the increase of triglyceride was marked.
3. The hepatic ATP level decreased almost linearly from the time of
exposure to 8 hours later. The value, total lipid X ATP, hardly differed
from that of the control even after the exposure, and there was observed
8
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a parallel relationship between the rate of increase in total lipid level and
the rate of decrease in the hepatic ATP level.
4. The intensity of hepatotoxicity of 1, 1, 2, 2-tetrachloroethane
proved to be practically the same at that of carbon tetrachloride.
ACKNOWLEDGEMENT
The author wishes to express his profound gratitude of Professor M. OGATA for his helpful
suggestions, and wishes to acknowledge the excellent technical assistance of MISS K. KIMt$RA.
REFERENCES
1. BROWNING, E. : The Halogenated Hydrocarbons of Industrial and Toxicological Importance.
Elsevier Publishing Co. Amsterdam, 1964
2. PATTY, F. A.: Industrial Hygiene and Toxicology. 2nd revised edition, Interscience,
New York, 1241, 1962
3. HORJUCHI, K., HORIGUCHI, S., HASHIMOTO. K., KADOWAKI, K. and ARATAKE. K.: Studies
on the industrial tetrachloroethane poisoning (2). Osaka City Med. j. 8(1), 29, 1962
4. MENDONCA, R. L.: Tetrachloroethane-A survey. Brit. j. Ind. Med. 20 (1), 50, 1963
5. TAKEUCHI, Y.: Experimental studies on the toxicity of 1,1,1, 2-tetrachloroethane com-
pared with 1,1,2, 2-tetrachloroethane and 1,1, I-trichloroethane (in Japanese). jap. j. Ind.
Health. 8 (7), 9, 1966
6. ACGlH: Threshold limit values for 1967, adopted at the 29th Annual Meeting of the
ACGIH, Chicago, Illinois, May 1-2, 1967 Ind, Hyg. Dig. 31 (9), 1-9, 1967
7. STREHLER, B. L.: Methods of Enzymatic Analysis, edited by Bergmeyer, H. U. Academic
Press, 563, 1963
8. FOLCH, J., LEES, M. and SLOANESTANLEY, G. H.: A simple method for the isolation
and purification of total lipides from animal tissues. j. Biol. Chern. 226, 497, 1957
9. VAN HANDEL, E.: Suggested modifications of the micro-determination of triglycerides.
Clin. Chern. 7 (3), 249, 1961
10. RECKNAGEL, R. 0.: Carbon tetrachloride hepatotoxicity. Pharmacol. Rev. 19 (2), 145,
1967
11. KYLIN, B., REICHARD, H., SUMEGl, 1. and YLLNER, S.: Hepatotoxicity of inhaled
trichloroethylene, tetrachloroethylene and chloroform. Single exposure. Acta pharmacal.
et. toxicol. 20, 16, 1963
12. OGATA, M., TOMOKUNI, K. and WATANABE, S.: ATP and lipid contents in the liver
of mice after inhalation of chlorinated hydrocarbons. Industrial Health, 6, 116, 1968
13. STERN, P. H., FURUKAWA, T. and BRODY, T. M.: Rat liver and plasma lipids after
carbon tetrachloride administration. j. Lipid Res. 6, 278, 1965
14. PLAA, G. L., EVANS, E. A. and HINE, C. H.: Relative hepatotoxicity of seven haloge-
nated hydrocarbons. j. Pharmacol. Exp. Therap. 123, 224, 1958
15. OGATA, M., WATANABE, S., TOMOKUNI, K. and UEKI, S.: Changes in P: 0 ratio, ATP.
total lipid and triglyceride in the liver of mice exposed to carbon tetrachloride Medicine
and Biology, 76 (I), 16, 1968 (in Japanese).
16. MCCOLISTER, D. D., BEAMER, W. H., ATCHISON, G. J. and SPENCER, H. C.: Distri-
bution and elimination ot" radioactive CCI4 by monkeys upon exposure to low vapor
concentration. j. Pharmacol. Exp. Therap. 102, 112, 1951
17. YLLNER, S.: Urinary metabolites of Cl4-tetrachloroethylene in mice. Nature (London),
9
Tomokuni: Studies on hepatotoxicity induced by chlorinated hydrocarbons
Produced by The Berkeley Electronic Press, 1969
282 K. TOMOKUJI\I
191, 820, 1961
18. SMUCKLER, E. A., ISERI, O. A. and BENDITT, E. P.: Studies on carbon tetrachloride
intoxication. 1. The effect of carbon tetrachloride on incorporation of labeled amino
acids into plasma proteins. Biochem. Biophys. Res. Commun. 5, 270, 1961
19. SMUCKLER, E. A. and BENDITT, E. P.: Carbon tetrachloride poisoning in rats. Altera-
tion in ribosomes of the liver. Science (N. Y.), 140, 308, 1963
20. OGATA, M.: Studies on protein synthesis in poisoning. 1. The inhibitory action of CCI4
on the incorporation of CI4_2-glycine into the protein of mouse liver. Acta Med. Okayama,
15, 367, 1961
21. SEAKINS, A. and ROBINSON, D. S.: The effect of the administration of carbon tetra-
chloride on the formation of plasma lipoproteins in the rat. Biochem. j. 86, 401, 1963
22. LOMBARDI, B. and UGAZIO, G.: Serum lipoproteins in rats with carbon tetrachloride-
induced fatty liver. j. Lipid Res. 6, 498, 1965
23. HvAMS, D. E. and ISSELBACHER, K. J.: Prevention of fatty liver by administration of
adenosine triphosphate. Nature (London), 204, II 96, 1964
24. RECKNAGEL, R. O. and GHOSHAL, A. K.: Lipoperoxidation as a vector in carbon
tetrachloride hepatotoxicity. Lab. Invest. 15, 132, 1966
25. RECKNAGEL, R. O. and GHOSHAL, A. K.: Quantitative estimation of peroxidative
degeneration of rat liver microsomal and mitochondrial lipids after carbon tetrachloride
poisoning. Exp. Mol. Pathol. 5, 413, 1966
10
Acta Medica Okayama, Vol. 23 [1969], Iss. 4, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol23/iss4/3
